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(57) ABSTRACT

The present invention relates to a method of adapting signal
processing characteristics of a portable communication
device to a hearing impaired user, comprising the steps of
determining a perceptual reference level (PRL) of a first
stimuli signal (FSS) in a reference frequency band (RFB) by
presenting said first stimuli signal (FSS) to said hearing
impaired user, and obtaining perceptual judgements of a
loudness of said first stimuli signal (FSS) from said hearing
impaired user, and determining said perceptual reference
level (PRL) of a second stimuli signal (SSS) in a further
frequency band (FFB) by presenting said second stimuli
signal (SSS) to said hearing impaired user, and requesting
said hearing impaired user to compare a loudness of said
second stimuli signal (SSS) with said loudness of said first
stimuli signal (FSS). The present invention further relates to
a method of adapting signal processing characteristics of a
portable communication device to a hearing impaired user,
comprising the steps of evaluating a hearing impairment of
said hearing impaired user by presenting at least one stimuli
signal (SS) to said hearing impaired user, and obtaining
perceptual judgements of a predetermined attribute to said at
least one stimuli signal (SS) from said hearing impaired user,
and adjusting said signal processing parameters of said
portable communication device according to said perceptual
judgements of said at least one stimuli signal (SS); whereby
said at least one stimuli signal (SS) comprises a set of test
words, said test words each having a spectral energy content
of which the effective part is within one restricted frequency
band selected from a set of restricted frequency bands.
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METHOD OF FITTING PORTABLE
COMMUNICATION DEVICE TO A HEARING
IMPAIRED USER

FIELD OF THE INVENTION

[0001] The present invention relates to a method of adapt-
ing signal processing characteristics of a portable commu-
nication device to a hearing impaired user, by means of
perceptual judgements and narrow frequency band words.

BACKGROUND OF THE INVENTION

[0002] Numerous methods have been applied for deter-
mining the optimal adaptation of an earphone, e.g. a hearing
aid to a user of such an apparatus.

[0003] Traditionally, for example hearing aids are pro-
vided to a user based on initial tests performed for the
purpose of determined user hearing representative data.
Such data, well-described within audiometry, may for
example be provided by means of e.g. an audiometer,
determining the hearing level (HL), i.e. hearing threshold
representative data.

[0004] A problem of the conventional hearing aid tuning
methods is that the results apparently are somewhat ques-
tionable when evaluating the consumers satisfaction. Very
often, carefully tuned hearing aid is simply put aside due to
the fact the user feels most comfortable without it. Evidently,
such lack of satisfaction by a relatively large group of
consumers represents a problem, if not to the manufacturers
of the hearing aid, at least to the consumers, which are
basically left alone with an annoying uncompensated hear-
ing loss.

[0005] 1t is an object of the invention to increase the
satisfaction of the users and potential users of portable
communication devices, in particular hearing aids.

SUMMARY OF THE INVENTION

[0006] The present invention relates to a method of adapt-
ing signal processing characteristics of a portable commu-
nication device to a hearing impaired user, comprising the
steps of

[0007] determining a perceptual reference level (PRL)
of a first stimuli signal (FSS) in a reference frequency
band (RFB) by presenting said first stimuli signal (FSS)
to said hearing impaired user, and obtaining perceptual
judgements of a loudness of said first stimuli signal
(FSS) from said hearing impaired user, and

[0008] determining said perceptual reference level
(PRL) of a second stimuli signal (SSS) in a further
frequency band (FFB) by presenting said second
stimuli signal (SSS) to said hearing impaired user, and
requesting said hearing impaired user to compare a
loudness of said second stimuli signal (SSS) with said
loudness of said first stimuli signal (FSS).

[0009] According to the present invention, an advanta-
geous method is provided for establishing signal processing
characteristics that makes a portable communication device
fit a specific hearing impaired user.

[0010] The signal processing characteristics may be fully
or partly determined on the basis of the provided method.

Jan. 4, 2007

Preferably the method of the present invention is used to
adapt default device-specific signal processing characteris-
tics, to make the device fit the user.

[0011] A hearing impaired user may be any human being
suffering from hearing impairments of any kind, comprising
e.g. conductive and/or sensory-neural hearing loss.

[0012] The present invention relies on the user to make
proper perceptual level judgements and accurate compari-
sons of loudness between presented signals. Besides involv-
ing the user with the adaptation of his or her own hearing
aid, this also ensures the result of the fitting procedure to be
what the user actually needs, instead of being what a
practitioner or specialist might estimate the user to need,
based on e.g. traditional audiogram data.

[0013] In one step of the method of the present invention,
the user is asked to perceptually judge the hearing level of
the first stimuli signal according to a perceptual reference
level, which is e.g. the most comfortable level (MCL). To
facilitate the user to make that judgement, different
approaches may be attacked. Thus the user may preferably
be able to increase or decrease the sound pressure level
(SPL) of the first stimuli signal until it reaches the selected
perceptual reference level.

[0014] 1In a further step of the method of the present
invention, the user is presented with a second stimuli signal,
and his or her task is to compare the loudness of the first and
the second stimuli signals. To facilitate the user to make that
comparison, he or she is preferably presented with the two
signals in a paired comparison procedure and indicates
which one is louder, and the sound pressure levels (SPL) of
the signals is changed, before the user again is presented for
the two signals, to give his or her indication of the louder
signal. By repeating this procedure several times, it is
possible to determine the relationships of the sound pressure
levels and perceptual reference levels of the two signals, and
thereby establish a mapping of the hearing impairment of the
user. Other ways to facilitate the user to make the compari-
son of loudness is within the scope of the invention.

[0015] The first stimuli signal and second stimuli signal is
preferably presented to the user by means of a test hearing
aid substantially identical to the one the user is going to wear
subsequently. However, other ways of presenting sound
signals to a person are within the scope of the present
invention.

[0016] It should be noted that the duration of a calibration
procedure according to a preferred embodiment of the
invention is preferably relative short, e.g. 15 minutes, and is
carried out by the user in front of a computer, at home or in
a store. However the calibration procedure according to a
less preferred embodiment of the invention may as well be
of much longer duration, e.g. two weeks, and carried out by
the user wearing a feedback unit, as e.g. a wrist-watch like
device comprising buttons, and letting the series of com-
parative audio presentations be the user’s real sound envi-
ronments established concurrently with the user experienc-
ing them, and letting the user respond to these audio
experiences using the buttons, thereby facilitating the estab-
lishment of signal processing parameters on the basis of the
user selected preferred everyday audio experience. Within
the general scope of the invention, this can be regarded as
adaptive calibration.
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[0017] When said portable communication device is a
hearing aid, a further advantageous embodiment of the
invention has been obtained.

[0018] According to this very preferred embodiment of the
invention, the invention is used for fitting a hearing aid to a
hearing impaired user.

[0019] When said portable communication device com-
prises compensation means for compensation of hearing
loss, a further advantageous embodiment of the invention
has been obtained.

[0020] According to this preferred embodiment of the
invention, the invention is used for fitting the hearing loss
compensation means part of portable communication
devices having such means. Portable communication
devices suited for being equipped with hearing loss com-
pensation means comprise, not exclusively, headsets for e.g.
cellular phones, headphones, handset, active ear defenders,
personal in-ear monitors, etc.

[0021] When a most comfortable level (MCL) is used for
said perceptual reference level (PRL), a further advanta-
geous embodiment of the invention has been obtained.

[0022] According to this very preferred embodiment of the
invention, the perceptual reference level is selected as the
most comfortable level (MCL), which is defined as the
hearing level (HL) preferred by the listener for listening to
continuous discourse.

[0023] Research shows that human beings are generally
good at recognizing the most comfortable level (MCL) in a
repeatable and consistent manner. Since accurate determi-
nation of the MCL level is of key importance to determine
correct amplification characteristic of the communication
device for most everyday situations, this level is a preferred
perceptual reference level (PRL).

[0024] When an uncomfortable level (UCL) is used for
said perceptual reference level (PRL), a further advanta-
geous embodiment of the invention has been obtained.

[0025] According to this preferred embodiment of the
invention, the perceptual reference level is selected as the
uncomfortable level (UCL), which is defined as the hearing
level (HL) of continuous discourse that is uncomfortably
loud to the listener, without being painful.

[0026] When said first stimuli signal (FSS) comprises
periodic signals and/or frequency band limited noise, a
further advantageous embodiment of the invention has been
obtained.

[0027] According to this embodiment of the invention, the
user is presented with a periodic signal, e.g. a pure sine
signal, or frequency band limited noise. By using a pure tone
it is possible to have a very narrow reference frequency band
(RFB). By presenting the user with noise instead of pure
tones, he or she may be better facilitated to make a proper
judgement. The noise may comprise band-pass filtered white
noise, band-pass filtered pink noise or other types of noise.
By presenting the user with a sequence of noises or pure
tones, he or she may be better facilitated to make a proper
judgement.

[0028] When said first stimuli signal (FSS) comprises a
sound, a further advantageous embodiment of the invention
has been obtained.
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[0029] According to this preferred embodiment of the
invention, the user is presented with a sound. Thereby a
possibility of using sounds more naturally occurring, and
hence probably better known to the user, than pure tones and
noises, has been obtained.

[0030] When said first stimuli signal (FSS) comprises a
sequence of sounds, a further advantageous embodiment of
the invention has been obtained.

[0031] According to this preferred embodiment of the
invention, the user is presented with a series of sounds, and
is thereby better facilitated to make a proper judgement.

[0032] When said sound is a test word, a further advan-
tageous embodiment of the invention has been obtained.

[0033] According to this very preferred embodiment of the
invention, the user is presented with spoken words. A test
word is a carefully chosen word, preferably a single-syllable
word or a pronouncement of a letter. The test words may e.g.
be pre-recorded, be spoken by an assistant before the user,
or be synthetically created by speech synthesis, etc.

[0034] When said test word has a spectral energy content
of which an effective part is within said reference frequency
band (RFB), a further advantageous embodiment of the
invention has been obtained.

[0035] According to this very preferred embodiment of the
invention, the words presented to the user are selected from
a set of words that has the effective part of their spectral
energy content placed within the reference frequency band.
Thereby the user’s perceptual judgement of the loudness of
the test words is based on only his or her hearing skills
within that specific frequency band.

[0036] Preferably the selected words have this character-
istic naturally, i.e. they are presented unmodified to the user,
but also words being adapted to have this characteristic, e.g.
filtered by means of a band pass filter, are within the scope
of the present invention.

[0037] The effective part of the spectral energy of a test
word is preferably 60% 100% of the total spectral energy of
the word, and more preferably 70%-100%, even more
preferably 80%-100%, and most preferably 90%-100%.

[0038] When said test word is chosen according to the
everyday of said hearing impaired user, a further advanta-
geous embodiment of the invention has been obtained.

[0039] According to this very preferred embodiment of the
invention, the user is presented with words he or she knows
from everyday life. The words may e.g. be selected accord-
ing to language, dialect, age, occupation or education of the
user.

[0040] When said reference frequency band (RFB) is a
sub-band of the audible frequency band, a further advanta-
geous embodiment of the invention has been obtained.

[0041] According to this preferred embodiment of the
invention, the user is presented with words having spectral
energy effectively restricted to a specific sub-band of the
audible frequency band. Thereby the perceptual reference
level (PRL) is determined only for a sub-band of the audible
frequency band, thus taking into account that a hearing
impairment most often depends on frequency.
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[0042] When said reference frequency band (RFB) is a
sub-band of the frequency band from 100 Hz to 10 kHz, a
further advantageous embodiment of the invention has been
obtained.

[0043] According to this preferred embodiment of the
invention, the user is presented with words having spectral
energy effectively restricted to a specific sub-band of the
frequency band 100 Hz to 10 kHz. Thereby the perceptual
reference level (PRL) is determined only for a sub-band of
the frequency band considered most important for speech
and everyday sound perception, thus taking into account that
a hearing impairment most often depends on frequency.

[0044] When said reference frequency band (RFB) has a
width of 1.5 octave, a further advantageous embodiment of
the invention has been obtained.

[0045] When said reference frequency band (RFB) has a
width of one octave, a further advantageous embodiment of
the invention has been obtained.

[0046] When said reference frequency band (RFB) has a
width of %3 octave, a further advantageous embodiment of
the invention has been obtained.

[0047] When said reference frequency band (RFB) has a
width of %5 octave, a further advantageous embodiment of
the invention has been obtained.

[0048] When said reference frequency band (RFB) is the
band from 500 Hz to 1 kHz, a further advantageous embodi-
ment of the invention has been obtained.

[0049] According to this very preferred embodiment of the
invention, it is especially advantageous to use the frequency
band from 500 Hz to 1 kHz for reference frequency band
(RFB).

[0050] When said reference frequency band (RFB) is the
band from 250 Hz to 800 Hz, a further advantageous
embodiment of the invention has been obtained.

[0051] When said obtaining perceptual judgements of a
loudness of said first stimuli signal (FSS) from said hearing
impaired user, comprises the step of letting the user vary the
sound pressure level (SPL) of the first stimuli signal (FSS)
until said perceptual reference level (PRL) is achieved, a
further advantageous embodiment of the invention has been
obtained.

[0052] According to this very preferred embodiment of the
invention, the user is able to turn the volume of the stimuli
signal up or down, until a predetermined perceptual refer-
ence level is reached. This level is preferably the most
comfortable level (MCL), but may alternatively be any
perceptual level, as e.g. uncomfortable level (UCL), hearing
threshold level (HTL), etc.

[0053] When said second stimuli signal (SSS) comprises
periodic signals and/or frequency band limited noise, a
further advantageous embodiment of the invention has been
obtained.

[0054] According to this embodiment of the invention, the
user is presented with a periodic signal, e.g. a pure sine
signal, or frequency band limited noise. By using a pure tone
it is possible to have a very narrow further frequency band
(FFB). By presenting the user with noise instead of pure
tones, he or she may be better facilitated to make a proper
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judgement. The noise may comprise band-pass filtered white
noise, band-pass filtered pink noise or other types of noise.
By presenting the user with a sequence of noises or pure
tones, he or she may be better facilitated to make a proper
judgement.

[0055] When said second stimuli signal (SSS) comprises a
sound, a further advantageous embodiment of the invention
has been obtained.

[0056] According to this preferred embodiment of the
invention, the user is presented with a sound. Thereby a
possibility of using sounds more naturally occurring, and
hence probably better known to the user, than pure tones and
noises, has been obtained.

[0057] When said second stimuli signal (SSS) comprises a
sequence of sounds, a further advantageous embodiment of
the invention has been obtained.

[0058] According to this preferred embodiment of the
invention, the user is presented with a series of sounds, and
is thereby better facilitated to make an accurate comparison.

[0059] When said sound of said second stimuli signal
(SSS) is a test word, a further advantageous embodiment of
the invention has been obtained.

[0060] According to this very preferred embodiment of the
invention, the user is presented with spoken words. A test
word is a carefully chosen word, preferably a single-syllable
word or a pronouncement of a letter. The test words may e.g.
be pre-recorded, be spoken by an assistant before the user,
or be synthetically created by speech synthesis, etc.

[0061] When said test word of said second stimuli signal
(SSS) has a spectral energy content of which an effective
part is within said further frequency band (FFB), a further
advantageous embodiment of the invention has been
obtained.

[0062] According to this very preferred embodiment of the
invention, the words presented to the user are selected from
a set of words that has the effective part of their spectral
energy content placed within the further frequency band.
Thereby the user’s comparison of the loudness of the test
words is based on only his or her hearing skills within the
reference and further frequency bands.

[0063] Preferably the selected words have this character-
istic naturally, i.e. they are presented unmodified to the user,
but also words being adapted to have this characteristic, e.g.
filtered by means of a band pass filter, are within the scope
of the present invention.

[0064] The effective part of the spectral energy of a test
word is preferably 60%-100% of the total spectral energy of
the word, and more preferably 70%-100%, even more
preferably 80%-100%, and most preferably 90%-100%.

[0065] When said test word of said second stimuli signal
(SSS) is chosen according to the everyday of said hearing
impaired user, a further advantageous embodiment of the
invention has been obtained.

[0066] According to this very preferred embodiment of the
invention, the user is presented with words he or she knows
from everyday life. The words may e.g. be selected accord-
ing to language, dialect, age, occupation or education of the
user.
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[0067] When said second stimuli signal (SSS) is of a kind
similar to said first stimuli signal (FSS), a further advanta-
geous embodiment of the invention has been obtained.

[0068] According to this very preferred embodiment of the
invention, the user is presented with two stimuli signals
being of a similar kind, and thereby easier to compare. The
signals may preferably be similar regarding properties as
e.g. the language, dialect, length or difficultness of the
words, the voice that speaks them, etc.

[0069] When said further frequency band (FFB) is a
sub-band of the audible frequency band, a further advanta-
geous embodiment of the invention has been obtained.

[0070] According to this preferred embodiment of the
invention, the user is presented with words having spectral
energy effectively restricted to a specific sub-band of the
audible frequency band. Thereby the perceptual reference
level (PRL) is determined only for a sub-band of the audible
frequency band, thus taking into account that a hearing
impairment most often changes with frequency.

[0071] When said further frequency band (FFB) is a
sub-band of the frequency band from 100 Hz to 10 kHz, a
further advantageous embodiment of the invention has been
obtained.

[0072] According to this preferred embodiment of the
invention, the user is presented with words having spectral
energy effectively restricted to a specific sub-band of the
frequency band 100 Hz to 10 kHz. Thereby the perceptual
reference level (PRL) is determined only for a sub-band of
the frequency band considered most important for speech
and everyday sound perception, thus taking into account that
a hearing impairment most often depends on frequency.

[0073] When said further frequency band (FFB) is differ-
ent from said reference frequency band (RFB), a further
advantageous embodiment of the invention has been
obtained.

[0074] According to this very preferred embodiment of the
version, the further frequency band is another band as the
reference frequency band. Thereby it is possible on the basis
of the user’s comparisons of loudnesses to determine the
difference in sound pressure level (SPL) needed, between
sounds in the reference frequency band and the further
frequency band, to have the user experience substantially
equal loudness of sounds from the two bands.

[0075] When said step of

[0076] determining said perceptual reference level
(PRL) of a second stimuli signal (SSS) in a further
frequency band (FFB) by presenting said second
stimuli signal (SSS) to said hearing impaired user, and
requesting said hearing impaired user to compare a
loudness of said second stimuli signal (SSS) with said
loudness of said first stimuli signal (FSS),

is repeated with several substantial mutually exclusive
said further frequency bands, a further advantageous
embodiment of the invention has been obtained.

[0077] According to this very preferred embodiment of the
invention, a perceptual reference level is determined for
several different frequency bands. Thereby the hearing
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impairment regarding sound pressure level against fre-
quency of the full audible frequency range, or parts thereof,
may be obtained.

[0078] When said further frequency band (FFB) has a
width of 1.5 octave, a further advantageous embodiment of
the invention has been obtained.

[0079] When said further frequency band (FFB) has a
width of one octave, a further advantageous embodiment of
the invention has been obtained.

[0080] When said further frequency band (FFB) has a
width of %5 octave, a further advantageous embodiment of
the invention has been obtained.

[0081] When said further frequency band (FFB) has a
width of ¥4 octave, a further advantageous embodiment of
the invention has been obtained.

[0082] When said further frequency band (FFB) is the
band from 100 Hz to 500 Hz, a further advantageous
embodiment of the invention has been obtained.

[0083] When said further frequency band (FFB) is the
band from 250 Hz to 500 Hz, a further advantageous
embodiment of the invention has been obtained.

[0084] When said further frequency band (FFB) is the
band from 1 kHz to 2 kHz, a further advantageous embodi-
ment of the invention has been obtained.

[0085] When said further frequency band (FFB) is the
band from 2 kHz to 4 kHz, a further advantageous embodi-
ment of the invention has been obtained.

[0086] When said comparing a loudness of said second
stimuli signal (SSS) with said loudness of said first stimuli
signal (FSS), is performed to establish equal loudness, a
further advantageous embodiment of the invention has been
obtained.

[0087] According to this very preferred embodiment of the
invention, the user is presented with two signals, and is
asked to compare their loudness with reference to the
equality.

[0088] The present invention further relates to a method of
adapting signal processing characteristics of a portable com-
munication device to a hearing impaired user, comprising
the steps of

[0089] evaluating a hearing impairment of said hearing
impaired user by presenting at least one stimuli signal
(SS) to said hearing impaired user, and obtaining
perceptual judgements of a predetermined attribute of
said at least one stimuli signal (SS) from said hearing
impaired user, and

[0090] adjusting said signal processing parameters of
said portable communication device according to said
perceptual judgements of said at least one stimuli signal
(S8);

whereby said at least one stimuli signal (SS) comprises a
set of test words, said test words each having a spectral
energy content of which the effective part is within one
restricted frequency band selected from a set of
restricted frequency bands.

[0091] According to the present invention, an advanta-
geous method is provided for establishing signal processing
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characteristics that makes a portable communication device
fit a specific hearing impaired user.

[0092] The signal processing characteristics may be fully
or partly determined on the basis of the provided method.
Preferably the method of the present invention is used to
adapt default device-specific signal processing characteris-
tics, to make the device fit the user.

[0093] A hearing impaired user may be any human being
suffering from hearing impairments of any kind, comprising
e.g. conductive or sensory hearing loss.

[0094] The present invention relies on the user to make
proper perceptual judgements of attributes of a stimuli
signal. Besides involving the user with the adaptation of his
or her own hearing aid, this also ensures the result to be what
the user actually needs, instead of being what a practitioner
or specialist might estimate the user to need, based on e.g.
traditional audiogram data.

[0095] 1In one step of the method of the present invention,
the user is asked to perceptually judge attributes as e.g.
loudness, clarity, intelligibility, etc., of a stimuli signal. To
facilitate the user to make that judgement, he or she is
preferably presented with different test words, and is asked
to e.g. choose a loudest, a clearest, a most uncomfortable,
etc., test word from the presented sound. By repeating this,
an evaluation of the users hearing impairment may be
established. Other ways to facilitate the user to make the
perceptual judgements are within the scope of the invention.

[0096] A very valuable advantage of using words for
evaluating characteristics of a hearing impairment as
opposed to traditional pure tones or frequency band limited
noise, is that thereby the user may be presented with sounds
more relevant for his or her daily communication needs. The
test words presented to the user may e.g. be pre-recorded in
digital or analog form, be spoken by an assistant before the
user, or be synthetically created by speech synthesis, etc.

[0097] By using test words having respective restricted
spectral energy content, it is possible to present the user with
a set of test words being mutually exclusive regarding
frequency contents. Thereby the user’s perceptual judge-
ment of attributes of the set of test words is based on only
his or her hearing ability within that specific frequency band.
Hence is taken into account that a hearing impairment most
often changes with frequency.

[0098] Preferably the test words have this characteristic
naturally, i.e. they are presented unmodified to the user, but
also test words which has been electronically manipulated to
acquire this restricted spectral energy content characteristic,
e.g. filtered, time-domain stretched or compressed etc., are
within the scope of the present invention.

[0099] The effective part of the spectral energy of a test
word in the restricted frequency band is preferably larger
than 60% of the total spectral energy of the word, and even
more preferably larger than 80%, such as 85% or 90%.

[0100] The test words are preferably single syllable words,
but may be any words, sentences, pronouncements of letters,
numbers, etc. A set of test words may comprise one or more
test words.

[0101] The at least one stimuli signal is preferably pre-
sented to the user by means of a test hearing aid substantially
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identical to the one the user is going to wear subsequently.
However, other ways of presenting stimuli signals to the
user, such as by loudspeakers or headphones, are within the
scope of the present invention.

[0102] Tt should be noted that the duration of a calibration
procedure according to a preferred embodiment of the
invention is preferably relative short, e.g. 15 minutes, and is
carried out by the user in front of a computer, at home or in
a store. However the calibration procedure according to a
less preferred embodiment of the invention may as well be
of much longer duration, e.g. two weeks, and carried out by
the user wearing a feedback unit, as e.g. a wrist-watch like
device comprising buttons, and letting the series of com-
parative audio presentations be the user’s real sound envi-
ronments established concurrently with the user experienc-
ing them, and letting the user respond to these audio
experiences using the buttons, thereby facilitating the estab-
lishment of signal processing parameters on the basis of the
user selected preferred everyday audio experience. Within
the general scope of the invention, this can be regarded as
adaptive calibration.

[0103] When said portable communication device is a
hearing aid, a further advantageous embodiment of the
invention has been obtained.

[0104] According to this very preferred embodiment of the
invention, the invention is used for fitting a hearing aid to a
hearing impaired user.

[0105] When said portable communication device com-
prises compensation means for compensation of hearing
loss, a further advantageous embodiment of the invention
has been obtained.

[0106] According to this preferred embodiment of the
invention, the invention is used for fitting the hearing loss
compensation means part of portable communication
devices having such means. Portable communication
devices suited for being equipped with hearing loss com-
pensation means comprise, not exclusively, headsets for e.g.
cellular phones, headphones, handset, active ear defenders,
personal in-ear monitors, etc.

[0107] When said test word is chosen according to the
everyday of said hearing impaired user, a further advanta-
geous embodiment of the invention has been obtained.

[0108] According to this very preferred embodiment of the
invention, the user is presented with words he or she knows
from everyday life. The words may e.g. be selected accord-
ing to language, dialect, age, occupation or education of the
user.

[0109] When said restricted frequency band is a sub-band
of the audible frequency band, a further advantageous
embodiment of the invention has been obtained.

[0110] According to this preferred embodiment of the
invention, the user is presented with words having spectral
energy effectively restricted to a specific sub-band of the
audible frequency band. Thereby the perceptual judgement
of signal attributes is determined only for a sub-band of the
audible frequency band, thus taking into account that a
hearing impairment most often changes with frequency.

[0111] When said restricted frequency band has a width of
1.5 octave, a further advantageous embodiment of the inven-
tion has been obtained.
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[0112] When said restricted frequency band has a width of
one octave, a further advantageous embodiment of the
invention has been obtained.

[0113] When said restricted frequency band has a width of
% octave, a further advantageous embodiment of the inven-
tion has been obtained.

[0114] When said restricted frequency band has a width of
5 octave, a further advantageous embodiment of the inven-
tion has been obtained.

[0115] When said restricted frequency band is the band
from 500 Hz to 1 kHz, a further advantageous embodiment
of the invention has been obtained.

[0116] When said restricted frequency band is the band
from 250 Hz to 800 Hz When said restricted frequency band
has a width of %3 octave, a further advantageous embodiment
of the invention has been obtained.

[0117] When said restricted frequency band is the band
from 100 Hz to 500 Hz, a further advantageous embodiment
of the invention has been obtained.

[0118] When said restricted frequency band is the band
from 250 Hz to 500 Hz, a further advantageous embodiment
of the invention has been obtained.

[0119] When said restricted frequency band is the band
from 1 kHz to 2 kHz, a further advantageous embodiment of
the invention has been obtained.

[0120] When said restricted frequency band is the band
from 2 kHz to 4 kHz, a further advantageous embodiment of
the invention has been obtained.

[0121] When said obtaining perceptual judgements of a
predetermined attribute of said at least one stimuli signal
(SS) from said hearing impaired user, comprises the step of
letting said user vary said predetermined attribute until a
predetermined perceptual level is achieved, a further advan-
tageous embodiment of the invention has been obtained.

[0122] According to this very preferred embodiment of the
invention, the user is able to adjust said predetermined
attribute, e.g. turning the volume up or down, until a
predetermined perceptual reference level is reached.

[0123] When said step of

[0124] evaluating a hearing impairment of said hearing
impaired user by presenting at least one stimuli signal
(SS) to said hearing impaired user, and obtaining
perceptual judgements of a predetermined attribute of
said at least one stimuli signal (SS) from said hearing
impaired user,

is repeated with several substantial mutually exclusive
said restricted frequency bands, a further advantageous
embodiment of the invention has been obtained.

[0125] According to this very preferred embodiment of the
invention, a perceptual judgement of a predetermined
attribute is obtained for several different frequency bands.
Thereby the hearing impairment regarding sound pressure
level against frequency of the full audible frequency range,
or parts thereof, may be obtained.

[0126] When said hearing impaired user is presented with
at least two stimuli signals (SS), a further advantageous
embodiment of the invention has been obtained.
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[0127] According to this very preferred embodiment of the
invention, preferably two, but possibly more, signals of test
words are presented to the user. Thereby it is possible to
request the user to make comparisons instead of absolute
judgements.

[0128] When said predetermined attribute is a perceptual
hearing level, a further advantageous embodiment of the
invention has been obtained.

[0129] According to this very preferred embodiment of the
invention, the user is requested to judge the hearing level or
loudness of the stimuli signals. As most hearing impairments
are partly characterized by different hearing loss for different
frequencies, it is important to obtain the user’s hearing level
for different frequencies.

[0130] When said predetermined attribute is consonant
discrimination, a further advantageous embodiment of the
invention has been obtained.

[0131] According to this very preferred embodiment of the
invention, the user is tested regarding his or her perception
of preferably high frequency speech sounds, as e.g. conso-
nants. By high frequency is referred to the audible frequency
band above 2 kHz, and preferably the frequency band 2
kHz-4 kHz. Preferably the user is presented with two words,
whose pronunciations differ only by a consonant, as e.g. in
the words “lant” and “slant”. By inquiring the user whether
he or she is able to differentiate between the two words or
not, it is possible to determine a further requirement for the
signal processing of the portable communication device.

[0132] When said predetermined attribute is intelligibility,
a further advantageous embodiment of the invention has
been obtained.

[0133] When said predetermined attribute is clarity, a
further advantageous embodiment of the invention has been
obtained.

[0134] When said obtaining perceptual judgements of a
predetermined attribute of said at least one stimuli signal
(SS) from said hearing impaired user, is repeated with a
further predetermined attribute, a further advantageous
embodiment of the invention has been obtained.

[0135] According to this very preferred embodiment of the
invention, the procedure is repeated with a further predeter-
mined attribute. Thereby it is possible to establish evaluation
of the user’s hearing impairment regarding different
attributes. Furthermore a repetition may be used for fine-
tuning the signal processing parameters of said portable
communication device.

LIST OF DRAWINGS

[0136] The present invention is in the following described
in more detail with reference to the drawings, of which

[0137] FIG. 1 shows a flowchart illustrating a preferred
flow of steps of the current invention and

[0138] FIG. 2 shows three Swedish words having
restricted spectral energy content.

DETAILED DESCRIPTION

[0139] The present invention may be used for adapting
signal processing characteristics of any kind of portable
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communication devices, e.g. hearing aids, headsets, active
ear defenders, ear phones, mobile phones, etc, to a hearing
impaired user. Preferably such devices comprise hearing
loss compensation means, and the present invention is used
for fitting these means to the hearing impaired user.

[0140] The most preferred embodiment of the invention is
applied when fitting hearing aids. Preferably the method of
the present invention is embodied to be carried out in a store
or in a home, as opposite to attend a practitioner or special-
ist. A preferred embodiment comprises a processing unit
comprising a sound rendering means and interface means,
e.g. a PC with a sound card and touch screen, a person
equipped with a test portable communication device, pref-
erably an adapted version of the same device as the user will
be carrying subsequent to the test, and a programming unit.

[0141] FIG. 1 shows a preferred flow of steps with a
preferred embodiment of the present invention.

[0142] First step includes selection of language and left/
right ear.

[0143] The test frequency range is split into the following
four bands. Speech stimuli are carefully selected for each of
the four bands. Low frequency, preferably 100 Hz-500 Hz,
reference frequency, preferably 500 Hz —I kHz, high fre-
quency, preferably 1 kHz-2 kHz, and extra high frequency,
preferably 2 kHz-4 kHz.

There are five basic stages:

Volume measurement—divided in three volume levels:
Most Comfortable frequency response, “Loud Level” fre-
quency response and “Soft Level” frequency response.

Loudness comparison—measured in the three volume levels

Consonant discrimation—measured in the three volume
levels

Programming of hearing aid.
Fine Tuning

[0144] Stage 1, 2 and 3 is repeated for the three volume
levels.

Stage One: Volume Measurement

For Most Comfortable frequency response Reference band
stimuli are presented at 65 dB equivalent input level.

User adjusts gain until most comfortable for conversation
(MCL)

For Loud Level Reference band the volume level is
increased by 15 dB

User is asked if this is “loud but not too loud”
If too loud, gain is reduced

For Soft Level Reference the volume level is decreased by
15 dB

User is asked if this is “soft but understandable”
If not understandable, Reference band gain is increased

Stage Two: Loudness Comparison—Measured in the Three
Volume Levels

Clients then conducts series of easy A-B “loudness” com-
parisons
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Low band stimuli compared to Reference band
High band stimuli compared to Reference band
Extra high band level set initially same as High band level

Stage Three: Consonant Discrimation—Measured in the
Three Volume Levels

Users often underestimate high frequency gain needs

[Tt}

Clients conduct A-B discrimination tests with “s” present

and absent

Example: “LANT” verses “SLANT”

If they can hear the difference, High band left unchanged
If they can’t hear the difference, High band gain is boosted
Stage Four: Programming of Earphone

[0145] The Earphone is programmed with the actual Ear
Tuner settings, and the Earphone microphone is activated.

Stage Four: Fine Tuning

[0146] Inthe fine tuning, the following goals are achieved:

Compensate for feedback

Compensate for occlusion

Validate fitting with a range of real world test signals.
Audiology

[0147] The method of the present invention is solidly
rooted in the science of Audiology. The use of prescriptive
formulae based on the measurement of HTL is a well
established and verified approach to hearing aid fitting. The
goal in each case is to set the gain of a hearing aid so that
conversational sound is placed at the client’s most comfort-
able loudness (MCL) level. A further goal is to optimize gain
at low and high levels of speech.

[0148] On-going Audiology research indicates that the
fitting can be improved by including the client in a fine
tuning exercise after the application of the prescription. This
takes into account any errors due to the use of average data
in the prescription, as well as client psycho-acoustic pref-
erences.

[0149] The method of the present invention builds upon
this long history of established Audiology, and incorporates
the advantages of user involvement. It uses a robust method
to measure MCL directly, as opposed to predicting it from
HTL. By using actual devices “in-situ”, it automatically
compensates for calibration issues and the use of average
data, and it takes into account the users individual psycho-
acoustic preferences.

[0150] The method of the present invention has been
validated by comparing the hearing aid settings against those
that would be achieved from popular predictive formulae. It
has also been validated through user preference and listening
evaluations. It has emerged as a robust fitting system that
helps the Audiologist achieve effective fittings by including
the client in the process.

[0151] FIG. 2 shows three words having spectral energy
content in three different frequency bands. The first word 21
is the Swedish word “tor”, and has relative low frequency
content. The next word 22 is the Swedish word “bar”, and
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has relatively higher frequency content. The last word 23 is
the Swedish word “ring”, and has relative high frequency
content.

[0152] Advances in the science of speech have been
dramatic over the past decade. Models of the speech gen-
eration system are becoming more and more accurate.
Research has also identified characteristics of speech that
can be used for speech recognition, speech synthesis and
security.

[0153] This knowledge of speech signals has been incor-
porated into the method of the present invention. The goal
was to be able to use real world speech signals for the test
stimuli. This would make the experience more tangible for
the client and help ensure that the device was optimized for
real world signals.

[0154] Example of frequency distribution of ortogonal
words used in the Loudness Comparison fitting procedure.

[0155] 1t was equally important that the stimuli be func-
tionally identical to stimuli normally used in Audiometric
testing and evaluation. Thus, it was important to create a
body of stimuli that had very well understood frequency and
energy characteristics.

[0156] These goals were achieved with the method of the
present invention. The result is a set of single word stimuli
in a variety of languages that can provide robust information
about the client’s hearing loss in each of the four test
frequency bands. This information is then used to adjust the
hearing aid gain settings.

1. A method of adapting signal processing characteristics
of a portable communication device to a hearing impaired
user, comprising:

determining a perceptual reference level (PRL) of a first
stimuli signal (FSS) in a reference frequency band
(RFB) by presenting said first stimuli signal (FSS) to
said hearing impaired user, and obtaining perceptual
judgements of a loudness of said first stimuli signal
(FSS) from said hearing impaired user, and

determining said perceptual reference level (PRL) of a
second stimuli signal (SSS) in a further frequency band
(FFB) by presenting said second stimuli signal (SSS) to
said hearing impaired user, and requesting said hearing
impaired user to compare a loudness of said second
stimuli signal (SSS) with said loudness of said first
stimuli signal (FSS).

2. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said portable communication device is a hearing
aid.

3. A method of adapting signal processing characteristics
of a portable communication device according to claim 12,
wherein said portable communication device comprises
compensation means for compensation of hearing loss.

4. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein a most comfortable level (MCL) is used for said
perceptual reference level (PRL).

5. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein an uncomfortable level (UCL) is used for said
perceptual reference level (PRL).
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6. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said first stimuli signal (FSS) comprises periodic
signals and/or frequency band limited noise.

7. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said first stimuli signal (FSS) comprises a sound.

8. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said first stimuli signal (FSS) comprises a sequence
of sounds.

9. A method of adapting signal processing characteristics
of a portable communication device according to claim 7,
wherein said sound is a test word.

10. A method of adapting signal processing characteristics
of a portable communication device according to claim 9,
wherein said test word has a spectral energy content of
which an effective part is within said reference frequency
band (RFB).

11. A method of adapting signal processing characteristics
of a portable communication device according to claim 9,
wherein said test word is chosen according to everyday word
usage of said hearing impaired user.

12. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said reference frequency band (RFB) is a sub-band
of an audible frequency band.

13. A method of adapting signal processing characteristics
of a portable communication device according to claims 1,
wherein said reference frequency band (RFB) is a sub-band
of a frequency band from 100 Hz to 10 kHz.

14. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said reference frequency band (RFB) has a width of
1.5 octave.

15. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said reference frequency band (RFB) has a width of
one octave.

16. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said reference frequency band (RFB) has a width of
%3 octave.

17. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said reference frequency band (RFB) has a width of
Y5 octave.

18. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said reference frequency band (RFB) is a band from
500 Hz to 1 kHz.

19. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said reference frequency band (RFB) is a band from
250 Hz to 800 Hz.

20. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said obtaining perceptual judgements of a loudness
of said first stimuli signal (FSS) from said hearing impaired
user, comprises letting the user vary a sound pressure level
(SPL) of the first stimuli signal (FSS) until said perceptual
reference level (PRL) is achieved.

21. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
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wherein said second stimuli signal (SSS) comprises periodic
signals and/or frequency band limited noise.

22. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said second stimuli signal (SSS) comprises a sound.

23. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said second stimuli signal (SSS) comprises a
sequence of sounds.

24. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said sound of said second stimuli signal (SSS) is a
test word.

25. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said test word of said second stimuli signal (SSS)
has a spectral energy content of which an effective part is
within said further frequency band (FFB).

26. A method of adapting signal processing characteristics
of a portable communication device according to any claims
1, wherein said test word of said second stimuli signal (SSS)
is chosen according to everyday word usage of said hearing
impaired user.

27. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said second stimuli signal (SSS) is of a kind similar
to said first stimuli signal (FSS).

28. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said further frequency band (FFB) is a sub-band of
an audible frequency band.

29. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said further frequency band (FFB) is a sub-band of
a frequency band from 100 Hz to 10 kHz.

30. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said further frequency band (FFB) is different from
said reference frequency band (RFB).

31. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said step of

determining said perceptual reference level (PRL) of a
second stimuli signal (SSS) in a further frequency band
(FFB) by presenting said second stimuli signal (SSS) to
said hearing impaired user, and requesting said hearing
impaired user to compare a loudness of said second
stimuli signal (SSS) with said loudness of said first
stimuli signal (FSS), is repeated with several substan-
tial mutually exclusive said further frequency bands.

32. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said further frequency band (FFB) has a width of
1.5 octave.

33. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said further frequency band (FFB) has a width of
one octave.

34. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said further frequency band (FFB) has a width of 34
octave.
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35. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said further frequency band (FFB) has a width of 15
octave.

36. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said further frequency band (FFB) is a band from
100 Hz to 500 Hz.

37. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said further frequency band (FFB) is a band from
250 Hz to 500 Hz.

38. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said further frequency band (FFB) is a band from 1
kHz to 2 kHz.

39. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said further frequency band (FFB) is a band from 2
kHz to 4 kHz.

40. A method of adapting signal processing characteristics
of a portable communication device according to claim 1,
wherein said comparing a loudness of said second stimuli
signal (SSS) with said loudness of said first stimuli signal
(FSS), is performed to establish equal loudness.

41. A method of adapting signal processing characteristics
of a portable communication device to a hearing impaired
user, comprising:

evaluating a hearing impairment of said hearing impaired
user by presenting at least one stimuli signal (SS) to
said hearing impaired user, and obtaining perceptual
judgements of a predetermined attribute of said at least
one stimuli signal (SS) from said hearing impaired user,
and

adjusting said signal processing parameters of said por-
table communication device according to said percep-
tual judgements of said at least one stimuli signal (SS);

wherein said at least one stimuli signal (SS) comprises a
set of test words, said test words each having a spectral
energy content of which an effective part is within one
restricted frequency band selected from a set of
restricted frequency bands.

42. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said portable communication device is a hearing
aid.

43. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said portable communication device comprises
compensation means for compensation of hearing loss.

44. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said test word is chosen according to everyday word
usage of said hearing impaired user.

45. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said restricted frequency band is a sub-band of the
audible frequency band.

46. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said restricted frequency band has a width of 1.5
octave.
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47. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said restricted frequency band has a width of one
octave.

48. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said restricted frequency band has a width of 34
octave.

49. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said restricted frequency band has a width of 5
octave.

50. A method of adapting signal processing characteristics
of a portable communication device according to any claim
41, wherein said restricted frequency band is a band from
500 Hz to 1 kHz.

51. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said restricted frequency band is a band from 250
Hz to 800 Hz.

52. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said restricted frequency band is a band from 100
Hz to 500 Hz.

53. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said restricted frequency band is a band from 250
Hz to 500 Hz.

54. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said restricted frequency band is a band from 1 kHz
to 2 kHz.

55. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said restricted frequency band is a band from 2 kHz
to 4 kHz.

56. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said obtaining perceptual judgements of a prede-
termined attribute of said at least one stimuli signal (SS)
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from said hearing impaired user, comprises letting said user
vary said predetermined attribute until a predetermined
perceptual level is achieved.

57. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said step of

evaluating a hearing impairment of said hearing impaired
user by presenting at least one stimuli signal (SS) to
said hearing impaired user, and obtaining perceptual
judgements of a predetermined attribute of said at least
one stimuli signal (SS) from said hearing impaired user,

is repeated with several substantial mutually exclusive

said restricted frequency bands.

58. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said hearing impaired user is presented with at least
two stimuli signals (SS).

59. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said predetermined attribute is a perceptual hearing
level.

60. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said predetermined attribute is consonant discrimi-
nation.

61. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said predetermined attribute is intelligibility.

62. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said predetermined attribute is clarity.

63. A method of adapting signal processing characteristics
of a portable communication device according to claim 41,
wherein said obtaining perceptual judgements of a prede-
termined attribute of said at least one stimuli signal (SS)
from said hearing impaired user, is repeated with a further
predetermined attribute.

#* #* #* #* #*



